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LepRb function is needed to demonstrate
that the region is critical for the effects of
endogenous leptin on food intake. None-
theless, the LHA LepRb neurons are
clearly positioned to influence the VTA
dopamine centers. The LHA receives
extensive projections from the shell of
the nucleus accumbens (Kelley et al.,
2005), and like OX neurons, these new
LepRb-expressing neurons may be influ-
enced by GABAergic nucleus accumbens
projections forming a parallel LHA-VTA-
nucleus accumbens-LHA circuit.
A challenge that remains is under-
standing what this distributed response
to leptin means. Presumably, it allows
for effective and tightly regulated behav-
ioral responses to changes in metabolic
state. However, even in the hypothal-
amus, we have yet to determine how the
neuronal response to leptin changes in
the satiated versus restricted state, for
example. Ultimately, analysis of brain-
region neuronal activity during feeding is
needed to generate a more complete
picture of what happens and how meta-
bolic hormones influence the component
neural circuits.
Practical experimental issues compel
us to consider and study brain regions
as independent units. This is a conundrum
of the modern neuroscience research
effort: we spend great time and effort to
develop mouse lines and viral vectors to
manipulate genes in specific regions in
an effort to understand an integrated
system. In this context, it is important to
note that single-region manipulations
(e.g., arcuate nucleus, LHA, or VTA) may
or may not reflect what happens in the
normal state. However, the hope is that
we understand the complete system once
we have defined the parts and determined
how they respond to metabolic signals.
This innovative work from Myers and
colleagues has identified and character-
ized a set of interesting neurons in a key
brain center. Their emphasis on defining
downstream neural circuits also orients
us toward the next challenge: how the
brain integrates and interprets metabolic
signals to result in behavioral responses.
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Germ cells possess the unique ability to transmit genetic information from generation to generation. In
a recent paper, Curran et al. (2009) explore the possibility that some features of germ cells, including
enhanced genomic stability, can be acquired by the soma as a mechanism to increase longevity.Germ cells are highly specialized cells
that form gametes and the only cells
within an organism that contribute genes
to offspring. Since the genetic information
contained within germ cells is passed
from generation to generation, the germ-
line is often referred to as immortal. Germ-
line stem cells (GSCs) are responsible for
the continual production of germ cells
and mature gametes throughout life;
however, GSCs are lost in older animals,
and those GSCs that do remain display
decreases or arrest in cell cycle progres-
sion, potential hallmarks of germline aging78 Cell Metabolism 10, August 6, 2009 ª200(Cheng et al., 2008; reviewed in Jones,
2007). Remarkably, however, serial trans-
plantation experiments, designed to
assay the ability ofmurine spermatogonial
stem cells (SSCs) to repeatedly reconsti-
tute spermatogenesis in recipient mice
devoid of endogenous germ cells,
demonstrated that mammalian SSCs
harbor tremendous regenerative poten-
tial. SSCs continued to self-renew and
generate colonies of germ cells upwards
of 1000 days, well beyond the life span
of wild-type laboratory strains of mice
(Ryu et al., 2006). Recent data have re-9 Elsevier Inc.vealed strategies that germ cells utilize
to protect the genetic information con-
tained within them (Das et al., 2008; Ma-
lone et al., 2009; Robert et al., 2005; re-
viewed in O’Donnell and Boeke, 2007),
but are these mechanisms sufficient to
insure vigilant protection of the germline
indefinitely, and can germline-protection
mechanisms be exploited by the soma
to enhance longevity?
A recent study provides insight into
these questions (Curran et al., 2009).
Noting that RNAi in Caenorhabditis
elegans (C. elegans) is deployed as a
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Previewsprotective stress response and that RNAi
functions in the germline remarkably effi-
ciently, the authors speculated that the
enhanced RNAi observed in somatic
tissues in various mutant backgrounds
could be associated with a transformation
of somatic tissues to a more germline-like
state. To test this hypothesis, Curran et al.
first demonstrated that worms that are
long-lived due to mutations in the insulin-
like signaling pathway (daf-2/insulin/IGF-
1-like receptor [InR], age-1/PI3 kinase)
show ectopic expression of a germline
reporter in somatic tissues, including the
intestine and hypodermis. In addition,
quantitative RT-PCR analysis confirmed
that germline-specific genes pie-1 and
pgl-1–3 were upregulated in insulin-like
signaling mutants. To verify that this
increase was due to expression in the
soma and not increased expression in
the germline, the authors demonstrated
that pie-1 and pgl-1–3 levels were
increased in animals that were mutant for
daf-2/InR and germline deficient due to
a mutation in glp-4, a gene required for
germline formation.
DAF-16/FOXO is the key downstream
transcriptional effector of the insulin-like
signaling pathway. Upon activation of the
insulin-like signaling pathway, DAF-16/
FOXO is phosphorylated and retained
within the cytoplasm. However, when
insulin-like signaling is low, DAF-16/
FOXO is active and enters the nucleus to
activate expression of key target genes.
The upregulation of germline genes in
somatic tissues was abolished in short-
lived daf-16/FOXO; daf-2/InR double
mutant animals, indicating that somatic
expression of germline genes occurs
in a DAF-16/FOXO-dependent manner.
Consistent with a new role for DAF-16/
FOXO in theexpressionofgermlinegenes,
Curran et al. demonstrated that DAF-16/
FOXO binds directly to sequences in the
pie-1 promoter using both electrophoretic
mobility shift assays (EMSAs) and chro-
matin immunoprecipitation (ChIP).
If somatic tissues have assumed germ-
line characteristics in long-lived insulin-
like signaling mutants, Curran et al. specu-
lated that these somatic cells might have
acquired an enhanced ability to protect
against genotoxic stress and damage. To
test this hypothesis, they used RNAi to
deplete genes known to be involved in pro-
tecting the genome in wild-type and daf-2/
InR mutant backgrounds. In wild-typeworms, loss of such genes led to reduced
viabilityand increasedDNAdamage, asas-
sayed by expression of a normally out-of-
frame lacZ-GFP reporter transgene. In
contrast, long-lived daf-2/InR mutants
showed lower levels of developmental
arrest and increased viability, relative to
wild-type, as well as significantly less
expression of the lacZ-GFP ‘‘strand slip-
page’’ reporter. These data suggest that
somaticcells in long-liveddaf-2/InRmutant
worms have engaged pathways that regu-
late genomic surveillance, rendering them
more resistant to DNA damage.
In order to determine how well life span
extension correlates with somatic expres-
sion of germline genes, Curran et al.
screened a collection of long-lived mutant
worms for somatic expression of PGL-1
protein. Inactivation of two components of
the cytosolic chaperonin complex, cct-4
and cct-6, led to increased longevity, with
concomitant misexpression of PGL-1 in
the soma (Curran and Ruvkun, 2007). The
cytosolic chaperonin complex negatively
regulates the expression of the transcrip-
tion factor skn-1/Nrf in the intestine, which
activates theexpressionof stress response
target genes (Kahn et al., 2008). Consistent
with this role for skn-1/Nrf 1, the highest
levels of PGL-1were observed in the intes-
tineofwormswith reducedcct-4andcct-6.
Interestingly, skn-1/Nrf mediates life span
extension in insulin-like signaling mutants
independently of daf-16/FOXO (Tullet
et al., 2008), indicating that multiple tran-
scriptional effectors integral to this
longevity-promoting pathway not only acti-
vate stress resistance, but also impinge on
expression of germline genes.
Although the authors do demonstrate
that loss of genes such as pie-1 or pgl-1
reduced the life span extension observed
upon loss of daf-2/InR, no data are
provided to indicate that somatic misex-
pression of germline genes is sufficient
to extend life span or protect the soma
from genotoxic stress. Furthermore, not
all long-lived worms, including those
that are either dietary restricted (eat-2) or
impaired for mitochondrial function
(clk-1), display somatic expression of
pie-1 and pgl-1. In addition, it is not clear
whether the soma acquires germline qual-
ities during the long-lived dauer stages. It
is possible that various subsets of germ-
line genes are expressed under different
conditions, and an analysis of all genes
that are upregulated in glp4, daf-2 doubleCell Metabolismmutants should provide additional candi-
date genes that might confer germline-like
qualities onto or engage additional stress-
resistance/genome-protecting pathways
in the soma. However, it is clear that life
span extension can occur via additional
pathways.
Expression of germline genes in tissues
such as the intestine and hypodermis,
which is the functional equivalent of the
skin, is particularly interesting, as these
are tissues that are maintained by somatic
stem cells in many organisms. The ability
of these tissues to turn over provides
a mechanism to replace any damaged
cells with new ones. Therefore, these
provocative data demonstrating activation
of germline genes in the somaof long-lived
worms may represent an alternative
strategy to maintain ‘‘healthy’’ tissues
and organs in the absence of a resident
stem cell population. Elucidation of addi-
tional mechanisms utilized by the germline
to preserve and transmit genetic informa-
tion from generation to generation may
provide additional pathways that could
be engaged in somatic cells to protect
relatively short-lived cells, ultimately
contributing to life span extension.
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